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Identification of Bali Pigs Using Body Morphometric and Head Index
by Applying Principal Component Analysis (PCA) Approach

Lun Gpe Sri Surva Hervant”, N1 Lun Exka SeTiasin’, N1 Nyoman WEerp1 Susari!, I MabEe
Merpanal, I Gusti Nouran Bacus Tri Laksana2, I Wavan Nico Fajar Guanawan?

’Dapm?menr of Veterinary Basic Science, Faculty of Veterinary Medicine Udayana University Ji. PB. Sudirman,
Denpasar, Bali, Indonesia; 2Departement of Veterinary Clinic and Reproduction, Faculty of Veterinary Medicine
Udayana University fI. PB. Sudirman, Denpasar, Balt, Indonesia.

Abstract | Bali pig is an important livestock for meeting the meat needs of the community; especially in the Prov-
ince of Bali, Indonesia. The charaeteristics of this animal include a slightly rough black fur, a long snout, curved
back, and their stomach does not touch the ground when standing. This study aims to determine the morphometric
characteristics and head index of Bali pigs using a Principal Component Analysis (PCA) approach to ecasily identify
the phenotypic characteristics. The samples include 50 Bali pigs that are intensively reared in Musi Village, Gerogak
Districe, Buleleng Regency, Bali Provinee, Indonesia. The measurement data were analyzed using PCA to reduce and
interpret the measured variables, The results showed that the average hip height and width, rump length, body length,
shoulder height, chest wideh and depth, head width and length were 55.68cm, 17.53cm, 10.62cm, 67.40cm, 54.92cm,
17.81cm, 41.24cm, 10.63¢m, and 26.26cm, respectively: Furthermore, the result of measuring the index of the female
and male heads was 40.76% and 39.41%, The results showed that Principal Component 1 (KU1) and 2 (KU2) had
a variance of 5,834 and 1.834, respectively, while the percentage of variance was 58.338% and 18.340%, with a total
value of 76.678%. The hip width, shoulder height, and chest width were significantly different (p<0.05) between male
and female Bali pigs. In addition, the main charactenstics of size for this specie include hip height, rump length, body
length, shoulder height, chest width, and head width and length, while that of the shape include chest and hip-width

Keywords | Bali pig, Body morphometric, Head index, Hip height, Main component analysis.
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INTRODUCTION (2018) shows that, the share of national meat consump-

he national demand for meat continues to increase

EVETY Year and this is in line with the increasing popu-
lation (Hafizah et.al, 2020). The sources of animal protein
have become very diverse and meat is still seen as one of
the important sources of protein con Sidr:ring the complete
content of essential amino acids. In Indonesia, the highest
amount of meat is still dominated by cattle and chicken,
while the portion of pork is very small. Henuk and Bakn

tion is dominated by broiler chicken at 55%, beet 19%, na-
tive chicken 10%, pork 8%, goat and lamb 7%, and others
around 1%.

Pigs are one of the livestock that has good roles and pros-
pects to being developed in Bali Province, especially in
non-Muslim residential areas, and are adjusted to the Re-
rional General Spatial Planning and Regional Sparial De-
tail Plans, The market for pork and/or pructsscd pmductﬁ
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is still wide open to various countries, such as Singapore
and Hong Kong. The export of pigs is second in place after
chickens and it's yet to become the government's ltild:ing
commodity. However, their focus until now is sull domi-
nant on large ruminants (Henuk and Bako, 2018},

Bali pigs are germplasm that needs to be saved in order
to prevent extinction due to their limited Pﬂplﬂﬂﬁun.'n'!t‘}-'
are genetically slower to grow compared to imported breed
pigs. Furthermore, there are two species of Bali pigs, name-
ly those found in the eastern region which is believed to
have originated from China (Sus vittatus). They have a bit
rough black fur, 4 long snout, and a curved back but their
stomich does not touch the ground. Meanwhile, the spe-
cies that live in northern, western, central, and southern
Bali have the characteristics of a downward curved back
(lordosis), a large stomach, white stripes on the abdomen
and legs, short muzzle, erect ears, adult pir body height of
about 54cm, body length of about 90cm and taif length be-
tween 20-25cm (Figure 1), The mother pig (a"ﬁﬂﬂ;‘kung} has
a very low belly that can even touch the pround when it's
standing. It has nipples between 12-14 and can give birth
to 12 tails at a time. In addition, the species is better known
as the Bali Bali (Sihombing, 2006).

Figure 1: Adult male Bali pig,

When maintaining the Bali pig as one of the germplasms,
it is necessary to first know the characteristics of the pop-
ulation. Morphometric analysis and generic characteriza-
tion are the first steps in animal conservation programs
(Lanari et al,, 2003). They can be used as a puide in making
decisions to determine the uniqueness of the animal race.
Furthermore, the phenotypic characteristics information
based on morphometry, pigs in Indonesia can be used for
turther dL'vtIﬂpm::nt without ignoring the purity of the lo-
cal pig breed.

Identification of the morphometric characteristics of pigs
in each farm can be used as the basis for selection pur-
pose at the next stage, Pigs that have a high dissimﬂﬂriry

range can be crossed to increase production without losing
the original morphometric characteristics of each farm.
The morphometric measurements observed are hip height
and width, rump length, ankle circumference, body length,
shoulder height, chest width, and depth, as well as head
index measurements such as the length and width, There
are tew studies on body morphometrics and head index
of pigs (Panda et al., 2021; Prheeti et al,, 2023; Baruza e
al., 2023}, however, to our knowledge such type of data is
missing for Bali pig breed. This study aims to determine the
morphometric characteristics and head index of Bali pigs
using a Principal Component Analysis (PCA) approach to
idcnr_if}' the phenotypic characteristics of Bali pigs.

MATERIALS AND METHODS

ANIMALS

The samples include 50 Bali pigs that were reared inten-
sively by the farming community in Musi Village, Gerolg-
ak District, Buleleng Regency, Indonesia. Furthermore, the
criteria were an adult male and female Bal pigs that were
1 year and above. This research has been approved by eth-
ical committee of Faculty of Veterinary Medicing, Udaya-
na University with approval number: B/70/UN14.2.9/
PT01.04/2023.

SAMPLING

'The equipment used to measure the body and head meas-
urements was 4 measuring tape that has a Butterfly brand
and an Etherna caliper with an accuracy of 0.01cm. Prima-
ry data were collected from the results of body morpho-
metric measurements and head index of male and female
Bali pigs. The body parts and the way the measurements
were tikeen as under:

1. Hip height (em) was measured from the highest distance
of the hips ptrprndin_ulﬂr to the gmund using i measuring
stick (Figure 2).

\

Figure 2: Measurement methods of hip height (1}, body

length (2); shoulder height (3) and chest :ll:[.-TE't (99,

\
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2. Body length (cm) was measured by a straight line dis-
tance from the edge of the spinous process bone to the
bone lump (os ichium) using a measuring stick (Figure 2).
Shoulder height (em) was measured from the highest dis-
tance of the shoulder through the back of the scapula, per-
pendicular to the ground using a measuring stick (Figure
)

3. Hip width {¢m) was measured at the hip joint of the pig
using a measuring tape (Firure 3),

4. Rump length (cm) was measured from the back of the
sacrdl bone to the top of the tailbone using a measuring
tape (Figure 3).

5. Chest width (em) was measured from the distance be-
tween the protrusion of the shoulder joint (os scapula) left
and right using 4 measuring stick (Figure 3).

6, Head width (em) was measured horizontally from the
distance between the outermost part of the parietal bone
with a measuring tape (Figure 3).

7. Head length (cm) was obtained by measuring the dis-
tance from inion to nasion with @ measuring tape (Figure

).

Figure 3: Measurement methods of hip width (4), rump
length (5), chest width (6), head width (7) and head length
(8.

8. Chest depth {(em) was measured from the distance of the
highest point of the shoulder and the breastbone using a
measuring stick (Figure 2).

The head length and width data was used to calculate the
head index using the following formula:

Head width
x 100 Y%
Head length

Head Index

STATISTICAL ANALYSIS

The results were analyzed descriptively to determine the
normality and hu:nug{'m:iry of the dama. Furthermore,
the comparison of morphometric body und head index of
male and female PlEs was determined using the T-test and
Mann-Whitney U test for data that were not normally dis-
tributed (Heath, 2000). The Principal Component Analy-
sis (PCA) which was obtained from the diversificarion ma-
trix (Gaspersz, 1992) was used to explain the structure of
the variance-covariance matrix of 2 set of variables through
a linear combination. In general, principal components can
be useful for the reduction and interpretation of variables,

RESULTS

MorrHoMETRIC MEASUREMENTS OF THE Banl Pic

The results r::g.lrding bud}' morphometric measurements
and head index of 50 Bali pigs which were kept intensive-
ly by the community in Musi Village, Gerogak District,
Buleleng Regency, Indonesia, were shown in Table-1. The
minimum and maximum values for each measured vari-
able viry widtI}: The minimum value for hip height and
width, rump length, body length, shoulder height, chest
width and height, and head width and length was 50.0¢em,
14.0cm, 9.0cm, 58 0cm, 49.5¢m, 14.0cm, 31.0cm, 8.5cm,
and 24.0¢m respectively, Furthermore, the maximum values
for hip height and width, rump ltngth, bud}' lt:ngth, shoul-
der height, chest width and depth, head with and length
was 66.0cm, 27.0cm, 12.0cm, B4.0cm, 62.0cm, 26.0cm,
47.0cm, and 12.0cm and 29.0cm respectively, with con-
secutive average values of 55.68cm=3.223,17.53em+2.760,
10.62cm=0.818, 67 . 40cm+6.158, 54.92em+2.911,

17.81em=3.125, 41.24cm+3.826, 10.63cm=+0.775, and
26.260m=1.203 ItSPEEtin‘.‘l}’.

Mare AND FEMALE Baus PIG HEAD
INDEX

The results of the analysis of the male and female Bali pig
head index measurements are shown in Table 2 The resules
showed that the head index of female and male Bali pigs
was 40.76% and 39.41% respectively: Furthermore, no sig-
nificant difference (p > 0.05) was found for the head width
and 1::ngth vartations in both female and male pigs.

PCA oF BODY AND HEAD MORPHOMETRICS

The results of the Principal Component Analysis (PCA)
on body and head morphometrics of Bali pigs are shown
in Table 3. The results of the analysis showed that Principal
Component 1 (KU1) and 2 (KU2) had a variance (Eigen-
vitlue) greater than 1, namely 5.834 and 1.834, KU1 and
KU2 were able to ::xp]'.iln 58.338% und 18.340% of dara
diversity. Thus the total of the two main components can
be used to explain the divtrsit}' of the data by 76.678% (>
75%). The score equation for the components formed was
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Table 1: Maximum — Minimum Value, Average and Standard Deviation of the Results of Morphometric Measurements
of the Body and Head of the Bali Pig

Table 2: Results of Measurement of Male and Female Bali Pip Head Index

58338 _

Table 4: Cumpﬂrisun ut'Hud}-r and Head I'L’lurphu:m:tri::s of Male and Female Bali Pigﬁ
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calculared based on the coefhcient values tor each variable
The KU1 score was caleulared as follows:

KU1 = (.892 hip height — 0.116 hip width + 0.867 rump
length + 0.889 body length + 0.828 shoulder height +
0.504 chest width + 0.853 chest depth + 0.831 head width
+0.927 head length

While KU2 score was calculaced as follows:

KU2 = - 0.030 hip heighe + 0.625 hip width —0.110 rump
length + 0.152 body length + 0.334 shoulder height +
0.784 chest width + 0.198 chest depth — 0.096 head width
+ (0.147 head length

C OMPARISON OF THE BODY ANDHEAD MORPHOMETRICS
The morphometric comparison of the body and head of
mile and female Bali pigs wis carried out bv Muann-Whit-
ney U analysis and resules were summarized in Table 4. The
data exhibited that hip width, shoulder height, and chest
width had a significant difference (p < .05} between male
and female Bali pigs. However, there was no significant
difference (p > 0.05) between the hip height, rump length,
body length, chest depth, head width, and head length be-
tween male and female Bali pigs.

DISCUSSION

Pigs are mear-producing livestock that has a high potential
to fulfil the meat needs of the community because they
have a fast-breeding ability that is faster than other live-
stock. These animals generally have fast growth and are
very efficient in converting feed into meat with a high
percentage of a carcass, Pigs produce higher carcasses (65-
80% of body weight), compared to cattle (50-60% of body
weight), sheep and goats (45-55% of body weight), and
buffaloes (38% of body weight) (Riwukore and Habaora,
201%9). Out of the 87 world-famous pig breeds, at least 10
have been developed in Indonesia, including Landrace,
Yorkshire, Duroc, Tamworth, and Saddle Back. These spe-
cies are generally in the form of crosses cultvated in com-
mercial companies so that pure breeds are diffhicult to find
[f"ur':tunung, 1981).

Phenotypic differences can be used to determine genetic
distance through diversity analysis (Komenes, 1999), and
can be identified by measuring body parts or morpho-
metrics. Furthermore, bﬂ-d}r size measurements are used to
distinguish variations in both body size and shape. Anal-
vsis of diversity and correlation 15 widely used in charac-
terizing the relationship between phenotypic and genetic
traits {Saluko and Ngere, 2002), The characrenistics include
elements that characterize the pupu]ﬂtiun. Several prlraim-
eters, such as body size, are used as a basic measurement
of the characteristics of an animal for production and re-

production purposes. This includes body length, chest cir-
cumference, body weight at various anutJ:s hip height and
width, and leg urn;_um{'uanL {Budinuryanto, 1991).

'The body and head morphometric data of Bali pigs showed
an average hip height of 55.68em=+3.223, hip-width
17.53em=2.760, rump length 10.62cm+0.818, body length
67.40em=6.158, shoulder height 54.92em#2.911, chest
width 17.81cm23.125 and depth 41.24cm=3.826, head
width 10.63cm#0.775 and length 26.26cm=1.263, These
results can be used to identify the Bali pig phenotype and
also facilitate an inventory of data regarding their pheno-
typic Fﬂ}ﬁ]r in order to see their kinship with other pigs
in Indonesia. In addition, various kinds of morphometric
measurements have important roles in identifying various
breeds of livestock and also determine the characteristics
of the animal race (Yakubu eral,, 2010).

Bali pigs have a smaller size compared to Duroc which
has a shoulder and hip height of 84.53:4.524cm
and B9.09+4.055cm, head widdh  and
30.63+2.058em and 36.2022.201, the neck circumfer-
ence of 98.93+5.942cm, chest depth of 48.13+3.874cm
and hip width of 27.0422.247cm. The Berkshire pigs
also have smaller body sizes than Yorkshire, Duroc, and
Landrace pigs except for a body length, shoulder height,
and hip width of 91.07+10.397cm, 80.9529.483¢m, and
26.62+2,560cm respectively (Banjarnahor et al,, 2014).
Comparing the body sizes of these four species, the Bali
pig is much smaller and this is due to their national differ-
ences. Soeparno (1992) stated that the differences in body
composition among livestock breeds are mainly due to the
differences in the adult body size. Sumantn (2007) and
Gunawan (2008) also stated thar body size is influenced
by teed and Fenetic fuctors, maintenance munagement,
and mating patterns such as inbreeding. Furthermore, en-
vironmental and genetic factors have a close relationship
to express individual ZEnetic capacity Ptrﬂ:ctl}f when ideal

length  of

environmental conditions are meant.

The measurements showed thar the head index of both
meale and female Bali was 40.76% and 39.41%. Variations
in head width and length in both female and male pigs
were not synificant (p > 0.05). The head index measure-
ment was used to determine the head conformation of an
animal, where it can be used to estimate the physiological
feeding ability of livestock. This can also be used as a pa-
rameter in Lllr;n:rmining their appropriate ﬁ&t‘diﬂg mAnAge-
ment and to estimate the doseness of the family relation-
ship, where each animal hasa different head conformation

(Salgado er al., 2021).

Owur study showed a significant difference (p < 0.05) in hip
width, shoulder height, and chest width between male and
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female Bali pigs. However, there was no significant differ-
ence (p > L05) in hip height, rump length, body length,
chest depth, head wideh, and head length. Swatland (1984)
and Aberle (2001} stated that growth can be assessed as
the increase in heighe, lenpth, drcumference, and weight
of a young animal that fed, watered, and properly placed.
According to Kay and Housseman (1987), androgen hor-
mones in male animals can stimulate growth hence they
tend to grow faster than females.

Tillman et al. (1991} stated that growth has fast and slow
stages. The fast stage occurs before sexual maturity and the
late stage is in the early phase and when the bud}"& miaturi-
ty has been reached. Furthermore, Darmayanti (2003) and
Nurhayati {2004) showed that bodyweight is positively
related to body measurements. Mulliadi (1996) further ex-
plained that the measurement ot body size as a quantitative
trait wis carried out based on the general size of livestock.
These measurements are used to determine differences in
livestock populations and thewr morphogenetics within a
FEFInn OF Country.

According to Fourie et al., (2002), size is an important in-
dicator that is used to evaluate growth but cannot be used
tor animal body composition. Chest circumference and
body length are the most commonly used measurements
which have the greatest influence on body weight. The
chest cireumference also had a positive correlation with
a growth rate which resulted in an increase in shoulder
height and frame size. According to Darmadi (2004), this
factor affects live weight more than body length.

The results of Principal Component Analysis (PCA)
showed thar the dominant contributing variables as size
characteristics in Bali pigs were hip height, rump length,
body length, shoulder height, chest depth, and head width
and length. This were indicated by high eigenvalues in the
equation of the size scores, respectively 0.892, 0,867, (1.889,
(.828, 0.853, 0.831 and 0.927. Meanwhile, the variables
that pl:{)ﬂ:d 2 dominant role as a shape feature were the
chest and hip-width. This is indicated by the high Eigen-
vitlues in the form score equations of 0.784 and 0.625, re-
spectively. These size and sh ape characteristics can be used
to differentiate from other pig species where the shape
f:p-h::nut}'pic} 15 influenced by genetic and environmental
factors (Hardjosubroto, 1998).

The first and second main components (KU 1), namely size
and shape had the highest rotal diversity of 58.338% and
18.340%, and an Eig::nwiut of 5.834 and 1.834dc. These
results are in accordance with the opinion of Wiley (1981)
which states that the first (X-axis) and second axis (Y-axis)
represents the overall size and shape. It also expliins the
total diversity of 50% to 90% and as licde as 19%. Further-

more, Everit and Dunn (1998) explained that the second
prim_"ip:ll component is of interest to taxonomists because
it 18 more heritable.

Privanto et al. (2000) stated that the coefhcient of low,
moderate; and high diversity ranged from 0.1% to 25%,
25.1% to 508, »50.1%. However, the coefhcient of diver-
sity did not exist zero percent, _-"Lccurding to H ayashi et al.
(1981), the complexity and diversity of living organisms
have made multivariate statistical methods an important
tool for studying variation and evolution. An example is
the Principal Component Analysis (PCA) which aims to
reduce data and interpret it (Gaspersz, 1992). This anal-
yuis 16 used to determine discrimination among livestock
populations (Hayashi et al,, 1982), The main components
are obtained based on the variance and correlation ma-
trix. Furthermore, the power of this comparative analysis
is greater when the main componénts are obtained from
the diversification matrix. The first and second principal
components are also an indication of the size and shape
of the animal (Hayashi et al,, 1988). In animal anatomy
research, the second main component as a shape vector
can be used to Pruvidt: more Sp::tiﬁc information about the
specific characteristics of a particular animal. However, the
first main component as a size vector was not emphasized
{Everitt and Dunn, 1991),

CONCLUSION

The hip width, shoulder height, and chest width showed
Signiﬁﬂﬂnt differences between male and female Bali pigs.
However, there were no significant differences in hip
height, rump length, body length, chest depth, head wadth,
and head length. The main characteristics of size in this
species are hip height, rump length, body length, shoulder
height, chest depth, head width, and head length. Mean-
while, the variables that acted as shape charactenistics were
chest width and hlp—width.
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This is the first report of morphometric characteristics
and head index of Bali pigs using a Principal Component
Analysis (PCA). The morphometric characteristics is used
to identify the phenotypic characteristics of Bali pigs.

AUTHOR CONTRIBUTION

LGSSH Designed the research design, NLES, NNWS
and IMM collected and analyzed the daea, LGSSH, 1G-
NBTL, and IWNFG wrote the manuscript draft. All au-

thors read and revised the final dratt of the MANuSCTipt.
REFFERENCES

Aberle E. D {2001}, Principles of meat science. Kendall Hune

Aritonang D, Silalubi ML {2001}, The productiviey of various
pure I'_'u'cr_-d and cross breed of imported pigs during Lactation
period. T, T Ternak dan Ver,, 6(1): 38-44.

Banjarnahor N, Budi UL (2014), Genetic Distance Estimation
and Variable Differential Fuctor of Pig Breeds (Berkshire,
Duroe, Landrace and Yorkshire) Through Morphometiies
Analysis in BPTU Pig and Buffulo Sihorongborong. ]
Perernabean Integrand, 2(2): 165-172,

Barwzzr C., Snow N, P, Vercauteren K. C. Stickland B.
K. ﬂum:ult 1. 5. Fischer J. W, Lashley ML A (2023).
Estimating body muss of wild pigs (Sar serafir) using body
mur]}hﬂm:mu. Ecol. Ewol. 13(3): 9853, '|;|1'|~5 fdoi.
arprf 10,1002 e0e 39351

Budinuryanto 1. C. (1991), Karakteristik Domba Priangan Tipe
Adu Ditinjan dari Eksterior dan Kebiasaan Peternak Dialam
Pola Permeliharannya, Thesis Program Studi Pascasarjana,
IPB. Bopor.

Colville T, Joanna M. B.{2002). Clinical Anatomy and Physiology
For Veterinary Technicians. Mosby, Inc., America

Darmad: D, (2004}, Produknvitas ternak pedoging di dua desa
vang berbedn ketinggian tempat di Kabupaten Garut.
Skripsi. Fakuleas Peternakan, Instimar Perranian Bogor,
Bogor

Diarnayaned AP (2003). Kinerja Biologis Komparatif Antara Ink,
Entog dan Mandalung. Tesis. Sckolah Pascasarjana Institut
Pertunian Bogor, Bopor. Tittpsc/dot.org/10.1 4334/ wartazoa.

v20:3.936

Dawidson H R, Coey W.E. (1966). The Production and Markering
of Pigs. Third edition, Longmans, green and company. led
London. Althanaian, T, K.,

Dolio SR. (1994). Parameter fenotipik beberapa sifiur kualitaf
dane kwaneitatif pada domba Eker Gemuk, Tesis. Institur
Pertanian Bogor, Bogor.

Evan H.E (1993}, Millers Anatomy of the Dug. 3 edition. W.EB
Saunders Company. Pp,1-218.

Everitt BS, Dunn G. (1998). Applied Multivariate Dara Analysis.
Jobin Wiley and Song Ine., Ilinois

Fourie P I., Neser W, C., Olivier J. 1., Van der Westhuizen
C. (2002} Relationzhip berween production performance,
viswal appraisal and body mesarements of young Dorpes
rars. South African J. Anim, Sei., 32{4): 256-263.

Frandson B.D. (1992),  Anatomi  dan Fisivlogi  Ternak,
Tr_"L'ji:mHl'r.u'l_' Srig'.u‘l.dunu dan K. Praseno, Edisi Krl.:m[.'uir.

Gadjah Mada University Press, Yoryalarea

Gaspersz V. (1992}, Telmik Analisis dalam Penelitian Percobaar,
Jilid 2, Tarsito, Bundung,

Gunawan A, Jamal K., Sumaneri C. {2008}, Pendugaun bobot
badan melalui analists morfometrik dengan pendekatan
referesh terbuik best-subset pada domba Garut tipe pedaging,
tungkas dan persilnganova, Majalah Tlmiah Peternakan,
11{1): 1-6.

Hanibal. (2008). Ukoran dan bentuk serta pendugaan bobor
bobor badan berd s arkan ukuran eubub domba silangan lokal
Garut juntan di Kabupaten Tusikmalaya, Thesis. Falooltas
Perernakan, Institut Pertanian Bogor, Bogor,

Hafizgah I, Hukim D, B, Higianee H., Nurmalina B, (20200,
Ans d}f}-mg food consumption in Indonesia Int. | Progress
Sei. Tech,, 2002} 340-7,

Hurdjosubroto W, (1998), Aplikasi Pernuliabiakan di Lapangran,
Gramedia widissaranalndonedia, Jakarea,

Hayasht Y., Nishida T, Mochisuki K., Oesuba ] (1981).
Measurements of the slull of natdve cartde and banreng in
Indonesia Nihen Juigak zasshi. Japanese J. Vier Sciy, 43(6):
S01-907.

Hayastu Y., Owsuka I L, Nishida T, (1988), Multivariate
crasiometrics of wild banteng, Bos banteng, and five types
of nuative cartle in Eastern Asia Jpo, [ Zoovech, Sei, 59(7):
G60-672.

Heath D). (2000). An Introducing to Experimental Design and
Statistics for Biology, UCL Press, London,

Henuk Y. L., Bukti D. (2018}, Benehts of Promoting Native
Chickens for Sustainable Rural Poultry Development in
Indonesiz. In Talema Conference Series: Agricult. Nar,
Resour. (ANR). 1(1): 69-76. hrope/doiore/10,327 34/ ans,
v1il. 98

Johnson Z, B., Nugene IIT R, AL (2003). Herdeabiliey of body
I::ngﬂ) and measures of body densiey and their rr_'l'.l.tium-!Li]_‘ o
backbar thickness and loin musele arvea in swine. L Anim, 5S¢,
B1(8): 1943-1949, |1tr}1- fdetorg/ 10.2527/2003. 8181943y

Johnson Z. B., Chewning J. 1., IT1 R. N. (2002). Estmates of
Heritability for Body Length and Relationship to Other
Performance Traies for Four Breeds of Swine. Arkansas,
116.

Kay M.E., Housseman. (1987} The Influence of Sex on Meat
Production. n Meat Fd. DJ A Cook and AL lawrrie
Bueterworth, London

Eomenes P AL (1999). Alfu-casein and betalacroglobulin and
growth hormone alleles frequencies and genetik distances
in Melore, GYR, Gueera, Caracu, Charelais, Canchim and
Sants Getrudis cartles, Gen, Mol Biol | 22: 539-541,

Kzider J.L, Carroll W.E. (1971). Swine Production. Fourth
Edition. MeGraw-Hill Book Company, New York

Laidding A R {1996}, Hubungan berar badan dan lingkar dada
dengan beberapa  sifar-sifar ekonomi pennng pada sapi
bali. Buletin Ilmu Peternakan dan Perikanan. Universitas
Husanudin Ujung Pandang, TV (10): 127-133,

Lunari ML R, Taddeo H,, Domingn E., Pérex Cenveno M, Gallo
L. (2003). Phenotypic differentiation of exterior traits in local
Criollo goat population in Patsponia {Argr.nmn} Archiv,
Anim. Breed., 46(4): 347-356. httpe Vil oo 10,5194 wab-
L6-347-2003

Muchebe N, S, Ezelowe AL G, {2010). Predicting body weight
of growing-finishing pilts raised in the topies using linear
body measuremenes. Asian . Experimen. Biolog. 5ci, 1(1):
162-165.

Mulliads 1. (1996), Sifat Fenotip Damba Priangan di Kabupaten

June 2023 | Volume 11 | Issue 2 | Page 220

_}1,': Lsks
Qeizsenre - ¥



OPEN aACCESS

Journal of Animal Health and Production

Pandeplang dan Garut, Disereasi. Program  Pascasarjana,

Instieut Pertanian Bogor, Bogor,

Murhayati B (2004). Nilai tambah produk olahan perikanan
pada industri perikanan tradisional di DK Jakarea Buletin

Ekonoms Perkanan., 5(2).

Panda &, Gaur G. I, Chavhan A, Kar |, Mehrotea AL {2021).
Accurate pssessment of body weights using morphometric
measurements in Landlly pigs. Trop. Anim. Health
Prod,, 53(3): 362. hetpss/dolong/10.1007511250-021-

(x3803-2

Preethi A L., Tarafdar A, Ahmad 5. F, Panda 5., Tamilarasan
K. Ruchay A, Gaur G. K. (2023). Weight Prediction
of Landlly Pigs from Morphometric Traits in Different
Ape Classes Using ANN and Non-Linear Regression
Models. PLF;:‘E.EHILI.L[::., 13(2): 3ad. |11r|Ihf-"."lill'.i-i.l.ll'l__{-"1|.'|..':.-;".ll“-'"

apriculture 13020362
Privanto DD, Sirepar A, R, Huandiwirawan E.

Sumarera. J v Ternak dan Ver,, 5(1): 12-22,

Riwukore J. Ry Habaora F. (2019). Display of local pig
repmductmn in East MNusa Tenggara, Indonesia. Ine. J.

Agricult. Environim. Biores,, 4(3), 223-233.

Su.'lm.lm R {1983 Perampilan sifat-sifat produks dan seprodulsi
sapi lokal Pesisir Selatan di Propinsi Sumaters Barar,

Disertasi. Instirut Perranian Bogor, Bogor,

Salako A E., Ngere L. O, (2002). Application of multifactorial
dm:nmmam analysis in the morphometric  structural
differentiation of West African Dwaret (WA mnd Yanlkasa
Sheep in South West. Nigerian ]. Anim, Prod., 29{2): 163-

167,

SJalamena ] F, Noor B R, Sumanted C Inounu 1. (2007).

(2000).
Characterization of introduced breed of sheep and pattenl
of conservarion of Sermatera thin eail (STT) sheep in North

Hubungan genetil, ukuran populasi efekaf dan lau silang
dulam per generasi populest domba di Pulan Ksar, foumal of
the Indonesian Trop. Anim., Agricult,, 3202): 71-75.

Sdlgado H. H,, Methot 8., Remus AL, Letourneau-Monerniny
M. B, Pomar C. I:I'L'LZEJ A nunl feeding behavior index
integrating several components of the feeding behavior
af Hnishing pigs, Arimal, 15(7): 100251, heeps:/idod
o T 10165 animal 202 1. 100251

Surbaini. {2004}, Kajian keragamun karakeer eksternal dan DNA
mikrosarelic sapi Pesisir di Sumerera Barar Diserrarion,
Seleolah Pasca Sarjana, Institue Pertanian Bogor, Bogor,

Sihombing, T T H. {2006} Timu Ternuk Babi, Ed. 2. Gadjah
Mada University Press. Bulaksumur, Yogpvakarea 55281,

Soeparno, Tmu dan Teknologh Daging, (1992), TTGM Press,
Yogyukarea

Sumantri €., Einstiana A, Salamena J. F, Inounu 1. (2007),
I\-:rqg;.m dan hu I:nung-m phylogenik antar domba lokal di
Indonesin melalui pendelatan analisis morfologi. JITV,
12({1): 42-54,

Suparyanto: Ao, Porwadaria T, dan Subandriyo, (1499,
Pendugaan: 1:1.1‘.:]; genetik dan filtor peubah perbeda bangsa
dan kelompok domba di Indonesia melalui pendelaran
analisis morfologi. T I ernak dan Ve, 4 80- 87.

Swatland H. ], (1984}, Struceure and de velopment of meat
arnmals. Prentice Hall, Inc..

Tillmam AD., Hartadi H., Relsohadiprojo 5., Prowirokusumo
5., Dan lebdosockojs, 5. (1991). ilmu Makanan ternak Diasar,
Fakultas Peternakan universitas Gajah Muda, voryakarta

Yakubu A, Idahor K. O, Haruna H. 5., Whero WL, Amusan 5,
2010, Mulrivariare analysis of phenorypic differenriation in
Bunaji and Sokoro Gudali cartle. Acta Agriculr. Slovenica,
96(2): 75-80. https:/dotorg/ 10,2478 10014-010-(018-9

June 2023 | Volume 11 | Issue 2 | Page 221

Al



